S ince its first description for the assessment of recurrent laryngeal nerve palsy, 30 ultrasound nerve imaging has become an established technique for the study of peripheral neuropathies. Several clinical studies have recently demonstrated its high sensitivity and specificity and validated its usefulness in the diagnostic and therapeutic process for focal and generalized peripheral neuropathies. 1, 4, 7, 15, 19, 29 High-resolution ultrasound is a reliable tool for examining both the extraneural and the intraneural morphology of peripheral nerves. It allows evaluation of nerve continuity and shape and detection of nerve enlargements, com-abbreviatioNs CMAP = compound muscle action potential; CSA = cross-sectional area; EMG = electromyography; LSD = least significant difference; MUAP = motor unit action potential; SNAP = sensory nerve action potential.
plete or partial lacerations, perineural scars, neuromas and nerve tumors, as well as extrinsic nerve compressions from foreign bodies, neoplasms, implants, or heterotopic ossifications. 1, 4, 13, 15, 19, 21 Furthermore, ultrasound nerve imaging is simple and fast, readily available, cheap, and causes little discomfort to patients; for these reasons it is a valuable complement to clinical and electrophysiological nerve evaluation, which still represent the gold standard for diagnosis of peripheral neuropathies. 11, 12 Nerve ultrasonography is finding increasing indications for diagnosis and surgical planning of peripheral neuropathies, and due to its advantages over other imaging techniques it has also been proposed as the first-line imaging modality for selected cases. 16, 33 The aim of this study is to retrospectively evaluate our experience with ultrasound in peripheral nerve imaging, to analyze the indications and clinical utility for different neuropathies, and to describe how nerve ultrasonography can be integrated into the routine evaluation and management of focal peripheral nerve injuries.
methods
During 2013 and 2014, 119 entrapment, tumoral, posttraumatic, or postsurgical nerve injuries of the limbs were evaluated in 108 candidates for surgery at the authors' institution. The findings and results were retrospectively analyzed. Candidates for surgery were selected based on clinical examination by a surgeon and a neurologist. All of these patients subsequently underwent both electrodiagnostic and ultrasound nerve studies, with the exception of patients in whom electrodiagnostic studies clearly indicated only a radiculopathy, who did not receive ultrasonographic examination. For all patients in this series, preoperative evaluation included clinical examination, electrodiagnostic studies (nerve conduction study and electromyography), and ultrasound nerve study. Neurophysiological and ultrasound examinations was performed in all cases by one of the authors (A.G.) at the "Clinical Course" Neurophysiology Unit in Palermo.
study population
The mean age of the 108 patients was 54.7 years. Most patients with posttraumatic or postsurgical neuropathies were male (75%). The most common pathological condition was entrapment neuropathy (69 patients, 80 nerves). The upper limb was involved more frequently than the lower limb (86% vs 14%). The mean duration of symptoms was 17.6 months (range 2-72 months); no patient with acute nerve injury was evaluated in this case series. Fifteen percent of the patients had diabetes, and all of these patients presented with entrapment neuropathy (Table 1) .
electrodiagnostic studies
Electrodiagnostic examination included motor and sensory conduction velocity studies of the injured nerve and the contralateral homologous and other ipsilateral healthy nerves (data not shown); needle electromyography (EMG) examination of the target muscles was performed according to international guidelines. 3, 6, 26, 31 Sensory nerve action potentials (SNAPs) and compound muscle action poten-tials (CMAPs) were classified as normal, pathological, or absent; pathological response included a reduction of the motor or sensory conduction velocity values or a reduction of the SNAP or CMAP voltage. Eventual denervation potentials and motor unit action potential (MUAP) recruitment patterns (interference, intermediate, single MUAPs, absent) were recorded by EMG. A NeMus 2 EBNeuro (Florence, Italy) neurophysiological equipment was used.
ultrasonography
Ultrasound scanning was performed on the injured nerve when the clinical diagnosis was confirmed by neurophysiological examination; in cases of doubtful or confounding neurophysiological findings, all main nerves of the same limb were explored. Each nerve was visualized along its course throughout the whole limb, exploring the nerve fascicular echotexture, continuity, and surrounding tissues; the presence of epineurial hyperechogenicity or intraneural hyper-or hypoechogenicity was recorded. The maximum cross-sectional area (CSA) was measured at the inner border of the epineurium. For posttraumatic and postsurgical cases-which involved different nerves at different levels-CSA values were normalized as a percentage of the contralateral healthy nerve, which was used as reference to facilitate analysis of the results. For entrapment syndromes-which are often bilateral-CSA was expressed in square millimeters (mm 2 ) and compared with reference values form the literature. 25 For tumors, CSA was also expressed in square millimeters. Color Doppler ultrasound scans were performed for suspected tumors.
The presence of anatomical anomalies, dynamic nerve dislocations, or compressions was recorded. An Esaote MyLab 25 Gold ultrasound system equipped with a broadband (frequency band 10-18 MHz) linear transducer was used.
data analysis
Electrodiagnostic and ultrasonographic data were grouped according to etiological diagnosis into entrapment neuropathies, posttraumatic or postsurgical neuropathies, and tumors, and intra-and intergroup analyses were performed. Posttraumatic or postsurgical neuropathies were further classified as neuromas, nerve compressions, and traction neuropathies, according to clinical history and final clinical and neurophysiological/ultrasonographic diagnosis.
The concordance rate of neurophysiological and ultrasonographic data was analyzed for each group. Ultrasonographic findings were correlated to the electrodiagnostic findings to evaluate their role in diagnosis and development of surgical strategy; results were classified as contributive (influenced diagnostic and therapeutic strategies), confirming (confirmed clinical and neurophysiological diagnosis), nonconfirming (normal ultrasound findings), or incorrect (led to incorrect diagnosis), according to Padua's evaluation scale. 25 
statistical analysis
Statistical analysis was performed using IBM SPSS Statistics, version 20.0 (IBM Corp.). Univariate analysis of variance (ANOVA) was performed for carpal tunnel syndrome, using the maximum nerve CSA as the dependent variable and neurophysiological severity classification as the independent variable; a post hoc Fisher's least significant difference (LSD) analysis was performed. An independent-samples t-test was performed for cubital tunnel syndrome, using maximum nerve CSA as the dependent variable and neurophysiological severity classification as the independent variable. A p value ≤ 0.05 was regarded as significant.
results
Electrodiagnostic and ultrasonographic findings for the 3 different groups are reported in Tables 2 and 3 , and their analysis is reported below.
entrapment Neuropathies
Carpal tunnel and cubital tunnel syndromes were classified according to the severity of electrodiagnostic alterations. 3, 26, 31 In carpal tunnel syndrome, the mean maximum CSA of the median nerve at the wrist significantly increased with the severity of these alterations (ANOVA, p = 0.001; F = 8.866), ranging from a mean of 9 mm in the minimal/ mild subgroup-which falls in the range of normal values 25 -to a mean of 20 in the severe/extreme subgroup. Further, a post hoc Fisher's LSD analysis for intergroup analysis showed a significant difference of CSA values between the mild vs moderate (p = 0.02), moderate vs severe (p = 0.01) and severe vs mild group (p = 0.001). The presence of epineurial hyperechogenicity also increased with the severity of electrodiagnostic alterations, and was present in 83.3% of patients with extreme neurophysiological alterations and 25% of those with severe alterations, while it was not found in minimal and mild cases. Nerve hypoechogenicity was never observed in the minimal/ mild subgroup, but was always observed in the moderate and severe/extreme subgroups. Also, ultrasound showed anatomical variations predisposing to the entrapment syndrome, namely a bifid median nerve and/or a median artery in 8 patients (17.4%) ( Fig. 1 ).
In cubital tunnel syndrome, the mean CSA of the ulnar nerve at the elbow did not differ significantly between the mild and moderate subgroups (t-test for independent variables), but mean CSA values were always increased relative to normative data in the literature, 25 also in mild cases. Epineurial hyperechogenicity was observed in 40% of mild cases and 100% of moderate cases. Nerve hypoechogenicity was observed in all cases, irrespectively of their severity. Also, ultrasound showed nerve dislocation at the elbow in 14.8% of patients.
In the patient with Guyon's canal syndrome, the electrodiagnostic findings were pathological; ultrasound showed a normal nerve CSA (4.9 mm 2 ) but revealed the cause of the nerve entrapment, namely a ganglion cyst, guiding the planning of surgical treatment ( Fig. 2) .
Also, ultrasound complemented the electrodiagnostic diagnosis of anterior interosseous nerve and posterior interosseous nerve entrapments by localizing the site of compression, indicated by an increase of nerve CSA proximally to it (mean values 3 and 4 mm 2 , respectively) compared with the healthy contralateral side, and by nerve hypoechogenicity.
Data on the lower limb are limited by the small sample size. In common peroneal nerve entrapment, increased nerve CSA (mean 30 mm 2 ) and epineurial hyperechogenicity accompanied the pathological electrodiagnostic findings, while in a case of lateral femoral cutaneous nerve entrapment, the only study that confirmed the suspected clinical diagnosis was ultrasonography, which demonstrated a maximum nerve CSA of 6 mm.
posttraumatic and postsurgical Neuropathies
Posttraumatic or postsurgical cases were characterized by a great variability of the type and level of injury.
Neuromas always showed a greatly increased CSA (mean 257.8% ± 67.4%), while routine electrodiagnostic findings were normal in 22.2% of cases and pathological in 77.8% (with 22.2% of cases showing a complete axonotmetic/neurotmetic pattern). In all cases, the nerve was hypoechoic, but most importantly, it showed an altered echotexture, diagnostic of neuroma ( Fig. 3) . Also, in all cases of neuroma, ultrasound allowed measurement of the longitudinal and axial size of the lesion, and a Tinel sign was elicited at the passage of the probe, confirming the diagnosis and localization. The possibility of moving the probe in different planes allows visualization of the whole nerve and assessment of the type of damage (i.e., partial or complete involvement) ( Fig. 4 ).
In the nerve compression subgroup, ultrasound showed an increased CSA (mean 171.3% ± 67.2), a frequent nerve hypoechogenicity (66.7), and an epineurial hyperechogenity in 38.9% of cases; also, multifocal damage, characterized by doubtful, nonconclusive, electrodiagnostic find- ings, was identified in 22.2% of cases. Ultrasound also revealed morphological details that guided not only the etiologic diagnosis, but also surgical strategy, such as the presence of perineural scarring, heterotopic ossification ( Fig. 5 ), or foreign bodies ( Fig. 6 ).
In the traction neuropathy subgroup, all patients showed pathological electrodiagnostic findings. Ultrasound showed an increased CSA (mean 137.3% ± 67.1%), an epineurial hyperechogenicity in almost half of the cases (44.4%), and an alteration of intraneural echogenicity in 66.7% of cases (hyperechogenicity in 33.3%, hypoechogenicity in 33.3%). Individual analysis of CSA and nerve echogenicity guided diagnosis and surgical strategy ( Fig. 7) .
tumors
In the 3 cases of schwannoma, routine electrodiagnostic findings were always normal, and diagnosis was achieved with ultrasound, which also provided information on the size and the vascular supply of the tumor (Figs. 8-10, Video 1). video 1. Video clip of a dynamic ultrasound axial scan of the median nerve along the arm. Moving the probe along the limb, maintaining the nerve in the center of the screen, long tracts of nerves are easily and quickly explored. In this case, details on which nerve and on how many fascicles are intact could also be achieved (also see The CSA was greatly increased (mean 105 ± 84.3 mm 2 ), and in 1 case an intratumoral calcification was identified. In all 3 cases, diagnosis was confirmed by subsequent MRI.
role of ultrasound
Ultrasound confirmed electrodiagnostic findings in 36.1% of the patients of this case series (47.5% of entrapment neuropathies and 13.9% of posttraumatic or postsur- gical neuropathies), and showed a contributive role in diagnosis and surgical strategy in 53.8% of cases. This rate was higher for tumors (100%) and posttraumatic or postsurgical neuropathies (72.2%) ( Fig. 11 ). In 16% of cases, ultrasound was not only contributive, but had a key diagnostic role in the presence of doubtful electrodiagnostic findings. Ultrasound showed a contributive role in 43.8% of the cases of entrapment syndrome, which included the identification of a concurrent flexor tenosynovitis (in 8.8% of cases), perineural scar (3.8%), or anatomical variations, such as a bifid median nerve and/or a median artery (10%), and nerve dislocation at the elbow in 11.3% of cases. Also, ultrasound contributed by the identifying a compressive mass in the Guyon canal (1.3%) and uncommon sites of compression (5%) or dynamic compressions (2.6%) not identified by electrodiagnostic findings. Lastly, it contributed to the diagnosis of Parsonage-Turner syndrome in a patient with ulnar nerve palsy, by excluding the presence of focal lesions along the whole limb (1.3%).
Ultrasound had a contributive role in 72.2% of traumatic cases, mainly due to identification of nerve continuity. It identified the presence and extension of both terminal neuromas and neuromas-in-continuity in 25% of cases (100% of suspected neuromas). In compression and traction neuropathies, ultrasound allowed a direct visualization of nerve continuity and eventual surrounding hyperechoic (fibrous) tissue that contributed to the neuropathy, leading to diagnosis in 13.9% of posttraumatic/postsurgical cases. For instance, a suspected ulnar nerve injury in a patient who had sustained an elbow fracture was diagnosed as a brachial plexopathy, while in 2 postsurgical cases of fibula fracture, a concurrent scar neuropathy of the superficial peroneal nerve (in 1 case) or of the common and superficial peroneal nerves (in 1 case) was identified. In compression neuropathies, ultrasound also allowed the distinguishing of different anatomical pictures in patients with similar clinical and electrodiagnostic findings, contributing to diagnosis and surgical planning in 11.1% of cases. For instance, in 2 extreme cases in which sensory and motor ulnar potentials could not be evoked subsequent to fractures, ultrasound showed a greatly increased nerve CSA at the elbow without other significant findings in 1 case, and excessive bone deposition (Fig. 5 ) that surrounded and compressed the nerve in the second case. In another case, ultrasound showed a mild reduction of the space within the condylar groove, resulting in a superficial position of the ulnar nerve and dynamic subluxation. Ultrasound also identified multiple sites of injury caused by the same trauma and not immediately recognized by neurophysiological examination or helped diagnosis in patients with a previous nerve injury before trauma in 22.2% of cases; for instance, 2 patients with a brachial plexopathy had a concurrent ulnar or radial nerve injury, and a patient with a history of hip surgery and L-5 radiculopathy had a challenging common peroneal nerve injury after a mild knee sprain.
Ultrasound had a contributive role in 100% of tumor cases, allowing visualization and providing anatomical details of the lesions.
The results of ultrasound examination were negative ("nonconfirming" with respect to electrodiagnostic findings) in only 10.1% of cases-all minimal-grade carpal tunnel syndromes, 1 median nerve posttraumatic compression, 1 common peroneal nerve traction injury, and 2 mild cases of brachial plexus traction neuropathy. The results of ultrasound examination were also negative in 1 case of mild cubital tunnel syndrome, 1 case of suspected ulnar nerve entrapment that resulted in a diagnosis of cervical myeloradiculopathy, and 1 case of foot drop due to partial proximal sciatic nerve impairment.
discussion
The purpose of this study was to evaluate the usefulness of ultrasound in the preoperative workup of peripheral nerve lesions. In our clinical series, routine ultrasound After a displaced fracture of the elbow, the patient did not recover any motor or sensory ulnar function. Ultrasound showed deposits of bone (asterisk) over the nerve fascicles, as a "fatal embrace" with the ulnar nerve. Note the shadow cone of the ultrasound that does not pass through the bone and obscures the underlying nerve.
Fig. 6. Ultrasound axial scan of the posterior interosseus nerve (N)
between the superficial and deep heads of the supinator muscle (S) in a patient who had suffered a hunting accident. The nerve has a focal huge increase of its CSA. A small hyperechoic metallic bullet (asterisk), easy to identify because of the prominent ultrasound artifact that it generates (arrows), pushes laterally and compresses the nerve, causing a deficit of the finger extension. The bullet is located on the superficial profile of the cortical bone of the radius (R). With an exact preoperative diagnosis surgery can be targeted without the need for wide exploration and dissection. assessment was always added to standard clinical and neurophysiological examination of patients with peripheral neuropathies who were candidates for surgery and proved useful both as a diagnostic tool and in surgical planning. Our decision to introduce ultrasound as a routine examination for surgical candidates was driven by the expectation of clinical utility: an easier surgery in entrapment injuries due to the anatomical details provided and a lower need for MRI in posttraumatic/postsurgical injuries.
Ultrasound allows real-time evaluation of lesions. With in our team, there is a close cooperation between the surgeons, the neurophysiologist, and the neuroradiologist: this means that unexpected findings can be immediately discussed and further assessment immediately performed based on the surgeon's indications, thus tailoring the examination to each patient to provide accurate information useful for surgical treatment.
The diagnostic contribution of ultrasound was higher for focal masses arising from or compressing the nerve, such as nerve tumors, neuromas, foreign bodies or ganglion cysts, and in complex posttraumatic or postsurgical neuropathies; in our series it allowed diagnosis in 16% of cases with discordant clinical and electrodiagnostic findings. Its practical contribution in the planning of the surgical access and strategy was even higher; besides being the reference instrumental evaluation in the above-mentioned cases, it seems to contribute to a faster and easier surgery for entrapment neuropathies. Thanks to the anatomical details provided, the surgeon knows in advance about anatomical anomalies or dynamic nerve dislocations; also, we hypothesize that the presence of hyperechoic fibrous tissue could indicate epineurial fibrosis and the need for neurolysis. Surgeons perceived these data as facilitating and speeding surgery; however, we did not measure surgical times or correlate ultrasonographic and surgical findings, which we are currently investigating in a prospective study.
Ultrasound is a reliable, cheap, and readily available diagnostic tool. Its accuracy is similar to that of MRI. Although MRI is generally recognized as having a better contrast, and is still preferable for the study of deep nerves, ultrasound has been reported to have a greater sensitivity and an equal specificity, and to allow a better identification of multifocal lesions for peripheral nerve lesions. 33 MRI for nerve visualization is better performed in preselected regions and by high magnetic field scanners (1.5 T or higher). Although T1-weighted spin-echo sequences offer good morphological evaluation, and the "MR neurography" technique 10,18 provides a high-contrast nerve signal by the use of highly weighted T2 sequences with long echo times for muscle suppression, selective fat suppression, and spatial radiofrequency pulses outside the imaging volume for vessel suppression, the presence of some metallic devices could contraindicate or severely hamper the MR image acquisition. Ultrasound has no absolute contraindications in common practice, and its advantages over MRI include being less time-consuming and allowing real-time, dynamic, and serial examination of a wide anatomical field as well as visualization of a long nerve in a single scan. 17 Also, it can easily assess flow dynamics and vascular patterns, which provide further anatomical details that can be especially useful in the diagnosis of nerve tumors (Fig. 10 ). Furthermore, ultrasonography can be performed at the same time as the clinical examination and electrodiagnostic study, allowing a complete morphological and functional examination of the nerve.
Based on these findings, we believe that ultrasound is likely to replace MRI as the first-line imaging technique for focal lesions arising from or compressing a nerve; however, a limited number of cases were analyzed in this series, and this assumption need validation on a larger scale.
entrapment Neuropathies
Our results suggest that, for entrapment neuropathies, ultrasound is a sensitive diagnostic tool which correlates with electrodiagnostic findings: in carpal tunnel syndrome, nerve CSA and nerve hypoechogenicity were always normal in minimal or mild cases and always altered in moderate to extreme cases. Also, the presence of epineurial hyperechogenicity indicated a more advanced degree of severity, and could represent a good indicator of epineurial fibrosis and need for surgical neurolysis. In cubital tunnel syndrome, ultrasound was even more sensitive, nerve CSA and nerve echogenicity being altered also in mild cases.
From a surgical point of view, ultrasound facilitated surgical approach by showing anatomical or dynamic alterations such as a bifid median nerve or nerve dislocation that would have not be identified preoperatively otherwise. If it is true that these alterations would not have altered the surgical plan, it is also true that this thorough preoperative evaluation allowed for a better discussion with the patient and for faster and easier surgery, at the expense of only the small amount of extra time required for the preoperative ultrasound evaluation.
Our findings are supported by the data in the literature, which show an emerging diagnostic role for ultrasound in entrapment neuropathies. Simon et al. 29 reported that changes in the CSA and echogenicity correlate with the severity of the lesion. Filippou et al., 9 Yoon et al., 32 and Simon et al. 29 found high-resolution ultrasonography more useful than electrodiagnostic tests for ulnar neuropathy; also, Beekmann et al. 2 showed that the sensitivity of electrodiagnostic tests can be increased from 78% to 98% by adding ultrasonography, while Pardal-Fernandez 27 even proposed substituting ultrasonography for EMG and velocities conduction studies as a first-line examination in selected cases. Cesmebasi et al. 5 also reported on the usefulness of dynamic ultrasound in identification of a palmaris profundus tendon, a feature that, determining a dynamic compression, cannot be shown by MRI.
posttraumatic and postsurgical Neuropathies
In posttraumatic or postsurgical cases, the main contribution of ultrasound was visualization of nerve continu- Fig. 8 . Schwannomas usually displace most axon fibers, which can be spared during tumor enucleation. In axial live scans, the fascicles surrounding the tumor could be followed along the nerve (arrows) (also see Video 1).
ity. It allowed not only the identification of an amputation neuroma of larger nerves (i.e. median or ulnar) but also of small terminal branches (common palmar and proper palmar digital nerves) or neuromas-in-continuity, distinguishing interrupted fascicles from those in continuity.
Ultrasound was particularly useful in cases with atypical clinical or neurophysiological characteristics, as already reported by Padua et al., 24 and in all cases in which no neural response could be evoked. Also, it was useful in identifying multifocal damage or uncommon sites of injury, which cannot be achieved by electrodiagnostic testing alone. As reported by other authors, 8, 14, 21 ultrasound facilitated surgical planning in patients with neuromas, foreign bodies, and postfracture complications, allowing for targeted surgery and avoiding wide accesses for exploration because of accurate localization and estimation of nerve damage.
tumors
The contributive role of ultrasound was more significant for tumors, in which it was diagnostic in 100% of cases, all of which had negative results on routine electrodiagnostic examinations. These findings were in accordance with the literature: Gruber et al. 16 proposed ultrasound as the first imaging technique for a superficial mass of suspected nervous origin; Simon et al. 28 reported a close correlation between ultrasound and MR tractography findings and considered ultrasound a valuable preoperative investigation for evaluating the risk of iatrogenic injury and for planning the optimal surgical strategy.
In our study, we observed a higher contributive role of ultrasound than was reported in the study by Padua et al. 25 (53.8% vs 42.3%) and a lower rate of negative (not confirming) role (10.1% vs 17.7%), which could be explained by a selection bias of our study population, as all patients in our series were candidate to surgery.
Based on the results of our study, we advocate the routine use of ultrasound nerve imaging in the evaluation of surgical candidates and support it as first-line imaging technique for the study of peripheral neuropathies, as a valuable complement to clinical and electrodiagnostic examination. Electrodiagnostic testing still represents the standard diagnostic tool for peripheral neuropathies as it provides unique information on the type of fibers involved (sensory or motor) and on the pathophysiology of the lesion (demyelination and/or axonal damage), but it may be uncomfortable for patients. We believe that ultrasound should be considered as a useful complement-not an alternative-to electrodiagnostic testing, although, as the diagnostic accuracy of imaging techniques increases, some authors foresee that high-resolution imaging could theoretically replace the electrodiagnostic tests in the diagnosis of some neuropathies. 20, 27 Ultrasound yielded negative results in cases of myeloradiculopathy (cervical or lumbar), in which motor/somatosensory evoked potential testing and MRI allowed final diagnosis. Thus, if proximal nerve impairment is suspected to be the main cause or to contribute to the clinical picture, ultrasound should not be recommended as the first-line imaging technique, and MRI shows a higher diagnostic value.
Our study has limitations: being a retrospective study, it is less reliable than a prospective study with regard to patient selection, and it did not include a control group. However, patient selection followed clearly defined inclusion and exclusion criteria based on our routine clinical protocol.
The study was not blinded, as the same clinician per- forming the electrodiagnostic tests performed also the ultrasound examination. This could introduce a bias in the evaluation of their correlation; however, the aim of the study was not to evaluate the role of ultrasound alone but its role as a complementary evaluation in a practical clinical setting, where all diagnostic tests are performed during the same medical examination. Our patient population was very heterogeneous, thus the numbers for each single nerve and type and level of lesion are limited; statistical analysis was performed only on a part of the data, as some subgroups (e.g., tumors) included only a small number of patients. However, this clinical series reflects the variability encountered in clinical practice and shows how nerve ultrasound contributes to the daily evaluation and management of focal peripheral nerve injuries. The influence of diabetes and other predisposing factors on nerve ultrasound characteristics was not evaluated. The duration of symptoms in the posttraumatic or postsurgical groups showed a wide range (2-72 months), and differences in nerve ultrasound findings were not evaluated with respect to this variable. Only a few patients in this subgroup received an early evaluation, and the role of ultrasound in this subset of patients was not evaluated, but could prove even more crucial: it is often difficult, with clinical and neurophysiological examination, to determine the type of lesion and the timing of surgery in the early phases, while ultrasound could allow early differentiation of neurotmetic from axonotmetic injuries, avoiding unnecessary delay in treatment.
Conclusions
Ultrasound is a powerful, noninvasive tool for examination of peripheral nerve injuries, which can guide diagnosis and surgical strategy of focal peripheral nerve injuries. It allows direct visualization of the cause and extent of nerve lesions and finds its place between electrodiagnostic tests and exploratory surgery. It can be used to complement a doubtful electrodiagnostic test, providing invaluable information, such as the presence and extent of a mass, scar compression, or neuromas. We recommend it as a complement to routine clinical and neurophysiological routine evaluation and as a first-line imaging modality for masses of suspected nerve origin.
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